A1 



CM 
< 

G> 
CM 
00 

o 

CL 
LU 



(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

18.03.1998 Bulletin 1998/12 

(21) Application number 97307085.7 

(22) Date of filing: 12.09.1997 



(n) EP 0 829 744 A2 

EUROPEAN PATENT APPLICATION 

(51) Intel.*: G02B 27/22, H04N 13/00 



(84) Designated Contracting States: 

AT BE CH DE DK ES R FR GB GR IE IT LI LU MC 
NLPTSE 

(30) Priority: 12.09.1996 GB 9619097 
04.02.1997 GB 9702259 
03.07.1997 GB 9713985 

(71) Applicant: SHARP KABUSHIKI KAISHA 
Osaka 545 (JP) 

(72) Inventors: 

• Moseley, Richard Robert 

LIttlemore, Oxford OX4 4LZ (GB) 



• Woodgate, Graham John 
Henley-on-Thames, Oxfordshire RG9 1TD (GB) 

• Jacobs, Adrian 
LIttlemore, Oxford OX4 (GB) 

• Harrold, Jonathan 
Oxford OX2 0PF (GB) 

• Ezra, David 

Wallingford, Oxfordshire OX10 0RL (GB) 

(74) Representative: Robinson, John Stuart 
Marks & Clerk 
Nash Court 

Oxford Business Park South 
Oxford OX4 2RU (GB) 



(54) Parallax barrier and display passive polarisation modulating optical element & method of 
making such an element 



(57) A parallax barrier comprises a polarisation 
modifying layer 20 and a polariser 21 . The layer 20 has 
aperture regions 22 for forming the parallax barrier slits 
and barrier regions 24 for forming the opaque regions 
between the slits. The regions 22 and 24 are such that 
polarised light incident on the layer 20 is transmitted with 
orthogonal polarisations through the regions 22 and 24. 
For instance, the regions 24 may not affect polarisation 
whereas the regions 22 may rotate the polarisation by 
90 degrees. The polarising sheet 24 when present has 
a polarisation direction 26 orthogonal to the plane of po- 
larisation 23 of the incoming light. Light from the barrier 
regions 24 is thus extinguished whereas light from the 
slit regions 22 is transmitted so that the device operates 
as a parallax barrier. By removing the polarising sheet 
21 or otherwise disabling it, the differences in polarisa- 
tion of light from the regions 22 and 24 is not perceptible 
to the unaided eye. The parallax barrier may therefore 
be used with a spatial light modulator to form a display 
which is switchable between a 3D autostereoscopic 
mode and a 2D full resolution high brightness mode. 

A passive polarisation modulating optical element 
comprises a layer 11 of birefringent material. The layer 
1 1 has substantially fixed birefringence and comprises 
retarder regions 12 and 1 3 forming a regular pattern, for 
instance to act as a parallax barrier for a 3D display. The 
retarders 12 and 13 have optic axes aligned in different 
directions from each other. The element may be asso- 
ciated with a polariser 1 4, for instance an output polar- 



iser of a liquid crystal device, with the polarising direc- 
tion of the polariser 14 being parallel to the optic axis of 
the retarders 12. Thus, the retarders have no effect on 
light passing through the element 1 1 whereas the retard- 
ers 1 3 act as half waveplates and rotate the polarisation 
vector of light passing there through, for instance by 90°. 
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Description 

The present invention relates to a parallax barrier 
and to a display. Such displays may be used as switch- 
able two dimensional (2D)/three dimensional (3D) dis- 
plays and may be used in games apparatuses, compu- 
ter monitors, lap top displays, work stations and profes- 
sional imaging, for instance for medical, design or archi- 
tectural use. 

In normal vision, the two human eyes perceive 
views of the world from two different perspectives due 
to their spatial separation within the head. These two 
perspectives are then used by the brain to assess the 
distance to various objects in a scene. In order to pro- 
vide a display which effectively displays a 3D image, it 
is necessary to recreate this situation and supply a so- 
called "stereoscopic pair' of images, one to each eye of 
an observer. 

Most 3D displays may be classified into two types 
depending on the technique used to supply the different 
views to the eyes. Stereoscope displays typically dis- 
play both of the images over a wide viewing area. How- 
ever, each of the views is encoded, for instance by col- 
our, polarisation state or time of display, so that a filter 
system of glasses worn by the observer attempts to sep- 
arate the views to let each eye see only the view that is 
intended for it. 

Autostereoscopic displays require no viewing aids 
to be worn by the observer. Instead, the two views are 
only visible from defined regions of space. The region 
of space in which an image is visible across the whole 
of the display active area is termed a Viewing region". 
If the observer is situated such that one eye is in one 
viewing region and the other eye is in the other viewing 
region, then a correct set of views is seen and a 3D im- 
age is perceived. 

For autostereoscopic displays of the flat panel" 
type, the viewing regions are formed by a combination 
ot the picture element (pixel) structure of the display and 
an optical element, generically termed a parallax optic. 
An example of such an optic is a parallax barrier. This 
element is a screen with vertical transmissive slits sep- 
arated by opaque regions. A display of this type is illus- 
trated in Figure 1 of the accompanying drawings. A spa- 
tial light modulator (SLM) 1 of the liquid crystal type com- 
prises glass substrates 2 between which are disposed 
a liquid crystal layer together with associated electrodes 
and alignment layers. A backlight 3 illuminates the SLM 
1 from behind and a parallax barrier 4 is disposed on 
the front surface ot the SLM 1 . 

The SLM 1 comprises a 2D array of pixel apertures 
with the pixels arranged as columns as shown at 5 sep- 
arated by gaps 6. The parallax barrier 4 has vertically 
extending slits 7 with a horizontal pitch close to an inte- 
ger multiple of the horizontal pitch of the pixel columns 
5 so that groups of columns of pixels are associated with 
each slit. As illustrated in Figure 1 , three pixel columns 
labelled columns 1 , 2 and 3 are associated with each 



slit 7 of the parallax barrier 4. 

The function of the parallax optic such as the par- 
allax barrier 4 is to restrict the light transmitted through 
the pixels to certain output angles. This restriction de- 

s fines the angle of view of each of the pixel columns be- 
hind the associated slit The angular range of view of 
each pixel is determined by the pixel width and the sep- 
aration between planes containing the pixels and the 
parallax optic. As shown in Figure 1, the three columns 

io 5 associated with each slit 7 are visible in respective 
viewing windows. 

Figure 2 of the accompanying drawings illustrates 
the angular zones of light created from an SLM 1 and a 
parallax barrier 4 where the parallax barrier slits have a 

is horizontal pitch equal to an exact integer multiple of the 
pixel column pitch. In this case, the angular zones com- 
ing from different locations across the display surface 
intermix and a pure zone of view for image 1 or image 

2 does not exist. Thus, each eye of an observer will not 
20 see a single image across the whole of the display but 

instead will see slices of different images at different re- 
gions on the display surface. In order to overcome this 
problem, the pitch of the parallax optic is reduced slightly 
so that the angular zones converge at a predetermined 
2$ plane, generally known as the "window plane", in front 
of the display. This change in the parallax optic pitch is 
termed "viewpoint correction" and is illustrated in Figure 

3 of the accompanying drawings. The window plane is 
shown at 8 and the resulting substantially kite shaped 

so viewing regions are shown at 9 and 1 0. Provided the left 
and right eyes of the observer remain in the viewing re- 
gions 9 and 10, respectively, each eye will see the single 
image intended for it across the whole of the display so 
that the observer will perceive the 3D effect. 

3S The window plane 8 defines the optimum viewing 
distance of the display. An observer whose eyes are lo- 
cated in this plane receives the best performance of the 
display. As the eyes move laterally in this plane, the im- 
age on the display remains until the eyes reach the edge 

40 of the viewing regions 9 and 10, whereupon the whole 
display swiftly changes to the next image as one eye 
moves into the adjacent viewing region. The line of the 
window plane within each viewing region is generally 
termed a "viewing window". 

4S Figure 4 of the accompanying drawings illustrates 
an autostereoscopic display which differs from that 
shown in Figure 1 in that the parallax barrier 4 is dis- 
posed on the rear surface of the SLM 1 . This arrange- 
ment has the advantage that the barrier 4 is disposed 

so behind the SLM 1 away from possible damage. Also, 
the light efficiency of the display may be improved by 
making the opaque parts of the rear surface of the par- 
allax barrier 4 reflective so as to recycle light which is 
not incident on the slits 7. 

ss a switchable diff user 1 1 is shown between the par- 
allax barrier 4 and the SLM 1 . Such a dffi user may com- 
prise a polymer-dispersed liquid crystal which is switch- 
able between a low scattering or substantially clear state 
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and a highly scattering state. In the low scattering state, 
the display operates as described hereinbefore as an 
autostereoscopic 3D display. When the diffuser is 
switched to the highly scattering state, light rays are de- 
flected on passing through the diffuser and form an even 
or ■Lambertian" distribution which 'washes out' the ef- 
fect of the parallax barrier 4 and so destroys the creation 
of viewing regions. In this mode, the display therefore 
acts as a conventional 2D display with the full spatial 
resolution of the SLM 1 being available for displaying 
2D images. 

In the displays described hereinbefore, the basic 
principle is that a subset of the total number of pixels of 
the SLM 1 is visible to each eye at any one time. Thus, 
each of the views represented in the viewing regions us- 
es a fraction of the total resolution of the SLM 1. In a 
typical two view spatially multiplexed autostereoscopic 
display, each eye perceives an image of only half the 
total resolution. For a three view system, the resolution 
in each eye is only one third. The representation of com- 
plex small characters, such as text and details within im- 
ages, may therefore be adversely affected. It is desira- 
ble to include in the display some means for disabling 
or overcoming the parallax imaging system so that the 
full resolution of the SLM 1 is visible to each eye for the 
display of detailed 2D information. Although the switch- 
able diffuser 11 shown in Figure 4 provides such switch- 
ing, this adds to the cost and complexity of the display. 

US 2 631 496 discloses an autostereoscopic dis- 
play based on a single picture in which a parallax ele- 
ment is provided by a polariser element having alternate 
stripes of orthogonally oriented polariser. The polariser 
element co-operates with an image in which the left and 
right views are encoded with orthogonal polarisations in 
vertical columns. The encoding swaps for every image 
strip column. The polariser element thus acts in a similar 
manner to a parallax barrier but is such that the mark/ 
space ratio i.e. the ratio of the width of each effective slit 
to each effective opaque region, is substantially equal 
to 1 . This results in relatively high cross talk and poor 
viewing freedom tor the observer. Such an arrangement 
does not permit a full resolution 2D viewing mode to be 
achieved without image artefacts. 

Proc. SPIE vol. 2177, pp 181 "Novel 3D Stereo- 
scopic Imaging Technology*, S.M. Faris, 1 994 discloses 
a display which may operated stereoscopically or auto- 
stereoscopicalty using external micropolarisers. In par- 
ticular, two micropolariser sheets are disposed above 
the spatially multiplexed image and are movable to 
switch between autostereoscopic and stereoscopic 
viewing. Such an arrangement cannot be operated to 
provide a high resolution 2D viewing mode. 

E. Nakayama et al, '2D/3D Compatible LC Display 
without Special Glasses', Proc. third Internal Display 
Workshops vol. 2, pp 453-456, 1 996 discloses a 3D dis- 
play of the rear parallax barrier type similar to that shown 
in Figure 4 of the accompanying drawings. A switchable 
diffuser is disposed between the parallax barrier and the 



SLM in the same way as illustrated in Figure 4 to allow 
the display to be operated in a full resolution 2D mode. 

In order to destroy the formation of viewing windows 
for the 2D mode, scattering by the diffuser must com- 
s pletely remove the visibility of the parallax barrier to the 
observer. However, in order for the autostereoscopic 3D 
mode to be effective, the gaps between the slits of the 
parallax barrier must provide strong extinction of light. 
These requirements are mutually incompatible and can 
10 be overcome only by very strong back-scattering in the 
switchable diffuser, which reduces the display transmis- 
sion substantially, or by making the parallax barrier re- 
flective on the observer side, thus damaging the 3D im- 
age. Further, although a rear reflective layer may be ap- 
is plied to the parallax barrier so as to recycle light and 
improve brightness, all of the light received by the ob- 
server has to pass through the slits of the parallax barrier 
so that display brightness is degraded in the 2D mode. 
Typically, the mark space ratio of the parallax barrier 
20 would be 2:1 so that only one third of the light from the 
backlight is transmitted through the display. The reflec- 
tive layer may improve this but would not restore the dis- 
play to full brightness. Further, back scatter in the 
switchable diffuser would reduce the display brightness 
25 in the 2D mode. If the switchable diffuser is designed for 
strong backscatter in the high diffusion mode of opera- 
tion, it is difficult to achieve the very low levels of diffu- 
sion necessary in the low diffusion mode to ensure that 
the 3D display device does not suffer from increased 
30 crosstalk. 

J.B. Eichenlaub, Proc. SPIE 2177, pp 4-15, "An 
Autostereoscopic Display with High Brightness and 
Power Efficiency", 1994 discloses a 3D display of the 
rear parallax barrier type which could be switched to a 
35 full resolution 2D mode using a switchable diffuser or an 
array of lamps. However, such an arrangement has the 
disadvantages described hereinbefore. Furthermore, 
the optical system of such a display is not compatible 
with the slim design of current flat-panel display systems 
40 wherein the backlight structure is less than 1 cm thick. 

US 5 264 964 discloses a passive display of the rear 
parallax barrier type. The display is switchable between 
stereoscopic and autostereoscopic modes of viewing. 
The rear parallax barrier comprises two micropolarisers 
45 with a nematic liquid crystal layer there between. The 
micropolarisers have aligned polarising and non -polar- 
ising regions such that, when the liquid crystal is in its 
inactive state and has not effect on the polarisation of 
light, polarising glasses have to be worn in order to view 
so the image stereoscopically. When the liquid crystal layer 
is in its active state, it rotates the polarisation of light 
through 90°. The aligned polarising regions of the mi- 
cropolarisers then block light so that a rear parallax bar- 
rier is formed and the image can be viewed autostere- 
55 oscopically. 

When the display is in the 2D mode, light enters the 
liquid crystal layer from both polarised and unpolarised 
regions of the input micropolariser. The polarised re- 
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gions have a lower transmiss'rvity than the unpolarised 
regions and this causes Moire effects in the illumination 
of the display. This resutts in illumination stripes in the 
display and flickering illumination as the observer 
moves. The 2D image appearance will therefore be very 
poor. Further, image pixels associated with one polari- 
sation direction do not transmit light from barrier regions 
of the orthogonal polarising direction. This causes fur- 
ther illumination non-uniformities and causes obstruc- 
tion of vertical pixel lines. 

In the 3D mode of this device, opaque regions are 
coloured and transmit a significant quantity of light be- 
cause of problems of the polarisation change varying 
with the wavelength of thB incident light. The polarisa- 
tion is rotated by 90° at only one 'design* wavelength. 
At other wavelengths, the rotation is approximate. This 
results in significant cross talk levels which give poor 3D 
image quality. Also, the mark/space ratio o1 the barrier 
is 1:1 which results in limited viewing freedom and high 
levels of cross talk. 

■Molecular architectures in thin plastic films by in- 
situ photoporymerisation of reactive liquid crystals" 
Philips SID 95 Digest discloses a method of making pat- 
terned optical waveplates. 

"Surface induced parallel alignment of liquid crys- 
tals by linearly polymerised photopolymers" Schadt et 
al Japanese journal of Applied Physics, vol 31 , 1 992, pp 
21 55 discloses a technique based on the photopolym- 
erisation of liquid crystals obtained by crosslinks g pol- 
yvinylmethoxycinnamate using polarised light. 

EP 0 689 084 discloses the use of reactive mes- 
ogen layers as optical elements and alignment surfaces. 

US 5 537 144 and US 5 327 285 disclose photolith- 
ographic techniques of patterning polarisers and, in 
some cases, retarders. An array of waveplates is gen- 
erated by bleaching a stretched film of PVA through a 
photoresist mask in a hot humid atmosphere or with wa- 
ter-based bleachers. This alters the material properties 
so that the retardance properties of the material are se- 
lectively destroyed in certain regions. Thus, such a tech- 
nique may be used to provide a single layer element in 
which some regions act as retarders with the optic axes 
parallel to each other and other regions have substan- 
tially zero retardance. 

"Four domain TNCLD fabricated by reverse rubbing 
or double evaporation" Chen et al SID 95 Digest page 
865 discloses the use of a technique involving double- 
rubbing of an alignment layer in an active liquid crystal 
device (LCD). The liquid crystal alignment direction var- 
ies within each pixel to enable improved viewing angle 
performance of the device. 

According to a first aspect of the invention, there is 
provided a parallax barrier characterised by comprising: 
a polarisation modifying layer having aperture regions, 
for supplying light of a second polarisation when receiv- 
ing light of a first polarisation, separated by barrier re- 
gions, for supplying light of a third polarisation different 
from the second polarisation when receiving light of the 



first polarisation, at least one of the aperture regions and 
the barrier regions altering the polarisation of light pass- 
ing therethrough; and a polariser selectively operable in 
a first mode to pass light of the second polarisation and 
5 to block light of the third polarisation and in a second 
mode to pass light of the third polarisations. 

Such a parallax barrier can therefore be operated 
in a parallax barrier mode or in a non-barrier mode. 
When illuminated by light of the first polarisation, the 
io non-barrier mode permits substantially all of the light to 
be transmitted so that, when used in a 3D autostereo- 
scopic display, a full resolution 2D mode of high bright- 
ness can be provided. 

The aperture regions may comprise parallel elon- 
is gate slit regions. 

The polariser may be a uniform polariser. 
The third polarisation may be orthogonal to the sec- 
ond polarisation. 

The first, second and third polarisations may be lin- 
20 ear polarisations. The aperture regions may be ar- 
ranged to rotate the polarisation of light and the barrier 
regions may be arranged not to rotate the polarisation 
of light so that the third polarisation is the same as the 
first polarisation. Such an arrangement allows the bar- 
2S rier regions to have maximum achromatic extinction of 
light when the barrier is used in barrier mode. 

The aperture regions may comprise retarders. The 
aperture regions may comprise half waveplates. As an 
alternative, the aperture regions may comprise polari- 
30 sation rotation guides. 

The polarisation modifying layer may comprise a 
half waveplate, the aperture regions may have optic ax- 
es aligned at ± substantially 45° to the first polarisation, 
and the barrier regions may have optic axes aligned 
35 substantially parallel to the first polarisation. 

The polariser may pass light of the second polari- 
sation in the second mode. 

The polariser may be removable from a light path 
through the polarisation modifying layer in the second 
40 mode. The polariser does not have to be aligned with 
great accuracy in order for the barrier mode to be effec- 
tive. In particular, it is merely necessary for the polariser 
to cover the polarisation modifying layer and to be rea- 
sonably accurately aligned rotationally about an axis 
45 substantially normal to the layer. Thus, removal of the 
polariser permits the non -barrier mode of operation and 
relatively simple and inexpensive alignment means may 
be provided for aligning the polariser in the barrier mode. 
The polariser may comprise glasses to be worn by 
so an observer in the first mode. 

The polariser may be rotatable through 
substantially 0 an axis substantially perpendicular to the 
polarisation modifying layer between first and second 
positions for operation in the first and second modes, 
ss respectively. 

The polariser may comprise a polarising layer and 
a retarder layer which is switchable between a non-re- 
tarding mode and a retarding mode providing a quarter 
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wave of retardation. 

The potariser may comprise a polarising layer and 
a switchable diffuser having a diffusing depolarising 
mode and a non-diffusing non-depolarising mode. The 
diffuser may be disposed between the polarising layer 
and the polarisation modifying layer. As an alternative, 
the polarisation modifying layer may be disposed be- 
tween the polarising layer and the diffuser. 

The barrier may comprise: a first quarter waveplate 
disposed between the polarisation modifying layer and 
the polariser and attached to the polarisation modifying 
layer, and a second quarter waveplate disposed be- 
tween the first quarter waveplate and the polariser and 
attached to the polariser, the first and second quarter 
waveplates having substantially orthogonal optical ax- 
es. The quarter waveplates between the polarisation 
modifying layer and the polariser convert light to and 
from circular polarisation so that rotational alignment of 
the polariser relative to the polarisation modifying layer 
may be further relaxed. 

According to a second aspect of the invention, there 
is provided a display comprising a barrier according to 
the first aspect of the invention and a spatial light mod- 
ulator for supplying light of the first polarisation to the 
polarisation modifying layer. 

The spatial light modulator may be a light emissive 
device, such as an electroluminescent display. As an al- 
ternative, the spatial light modulator may provide selec- 
tive attenuation of light and may be associated with a 
light source. The spatial light modulator may comprise 
a liquid crystal device. 

According to a third aspect of the invention, there is 
provided a display comprising a barrier according to the 
first aspect of the invention, a light source for supplying 
light to the polariser, and a spatial light modulator having 
an input polariser for passing light from the aperture re- 
gions. 

The spatial light modulator may comprise a liquid 
crystal device. 

According to a fourth aspect of the invention, there 
is provided a display comprising: a light source selec- 
tively operable in a first mode for supplying light of a first 
polarisation and a second mode for supplying unpolar- 
ised light, a polarisation modifying layer having aperture 
regions, for supplying light of a second polarisation 
when receiving light of the first polarisation, separated 
by barrier regions, for supplying light of a third polarisa- 
tion different from the second polarisation when receiv- 
ing light of the first polarisation; and a spatial light mod- 
ulator having an input polariser for passing light of the 
second polarisation and for blocking light of the third po- 
larisation. 

The aperture regions may comprise parallel elon- 
gate slit regions. 

The light, source may comprise a polarised light 
source operable in the first mode and an unpolarised 
light source operable in the second mode. Trie polarised 
light source may comprise at least one first light emitting 



device arranged to supply light through a polariser to a 
first light guide. The unpolarised light source may com- 
prise at least one second light emitting device arranged 
to supply light to a second light guide and one of the first 
5 and second light guides may be arranged to supply light 
through the other of the first and second light guides. 

The light source may comprise at least one light 
emitting device, a light guide, and a polariser disposed 
in an optical path between the or each light emitting de- 
10 vice and the light guide in the first mode and outside the 
optical path in the second mode. 

According to a fifth aspect of the invention, there is 
provided a display comprising: a polarisation modifying 
layer having aperture regions, for supplying light of a 
is second polarisation when receiving light of a first polar- 
isation, separated by barrier regions, for supplying light 
of a third polarisation different from the second polari- 
sation when receiving light of the first polarisation; a spa- 
tial light modulator having an input polariser for passing 
20 light of the second polarisation and for blocking light of 
the third polarisation; a light source; a mask having po- 
larising regions, for supplying light of the first polarisa- 
tion from the light source, and non-polarising regions, 
for transmitting light from the light source; and a parallax 
25 optic co-operating with the mask to direct light from the 
polarising regions through the spatial light modulator to 
a first viewing region and to direct light from the non- 
polarising regions through the spatial light modulator to 
a second viewing region. 
30 The mask may be movable relative to the parallax 
optic for moving the first and second viewing regions. 

The parallax optic may comprise an array of paral- 
lax generating elements. 

The aperture regions may comprise parallel elon- 
35 gate slit regions. 

Each of the parallax generating elements may be 
optically cylindrical with an axis substantially orthogonal 
to the slit regions. 

The array may comprise a lenticular screen. As an 
40 alternative, the array may comprise a parallax barrier. 

The polarising and non-polarising regions may 
comprise laterally extending strips. 

The mask may further comprise opaque regions at 
least partially separating the polarising regions from the 
45 non-polarising regions. 

The third polarisation may be orthogonal to the sec- 
ond polarisation. 

The first, second and third polarisations may be lin- 
ear polarisations. The aperture regions may be ar- 
50 ranged to rotate the polarisation of light and the barrier 
regions may be arranged not to rotate the polarisation 
of light so that the third polarisation is the same as the 
first polarisation. 

The aperture regions may comprise retarders. 
55 The aperture regions may comprise half wave- 
plates. 

The aperture regions may comprise polarisation ro- 
tation guides. 
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It is thus possible to provide a display, for instance 
ol the flat panel type which is operable in a wide view 
full resolution 2D mode and in a directional 3D autoster- 
eoscopic mode. When embodied as a liquid crystal de- 
vice whose pixel apertures are at least partially defined 
by a black mask, there are no undesirable visual arte- 
facts associated with the black mask in the 2D mode. 

The pitch alignment of the polarisation modifying 
layer determines the parallax barrier pitch, which typi- 
cally has to be set to within 0. 1 micrometres. The barrier 
may be made of a glass substrate with similar thermal 
expansivity to the spatial light modulator so as to mini- 
mise misalignments during heating of the system be- 
tween switch on and operating temperatures. The high 
tolerance alignment can be fixed during manufacture 
and is unaffected by switching between 2D and 3D 
modes. There are six critical degrees of freedom align- 
ment tolerances in such displays with respect to the po- 
sitioning of the apertures of the barrier relative to the 
spatial light modulator and these do not have to be set 
in the field. Because the removable or switchable ele- 
ment can be a uniform polarisation element, accurate 
alignment is only necessary in one degree of freedom i. 
e. rotation about an axis normal to the display surface. 
Rotation about the other two axes and spatial position- 
ing may all be set with low and easy to satisfy tolerance 
requirements. Thus mechanical assembly is substan- 
tially simplified and cost, size and weight can be re- 
duced. 

It is possible to switch different regions of the dis- 
play independently to allow 3D and 2D regions to be 
mixed simultaneously on the display surface. 

A colour 3D display can be provided with low cross 
talk using relatively simple and inexpensive biref ringent 
elements. The 2D mode may be substantially as bright 
as a conventional display with the same angle of view. 
Thus, the same backlight as for a conventional display 
may be used and battery life and brightness will not be 
compromised. An anti-reflection coating may be applied 
to the outside surface to reduce reflections and improve 
display contrast. There are minimal absorption or reflec- 
tion losses from such an additional layer. 

When applied to an observer tracking display, the 
tracking may be performed by relative movement be- 
tween the spatial light modulator and the polarisation 
modifying layer. Thus, the polarisation modifying layer 
may remain attached to the mechanical system at ail 
times. The polariser does not need to be attached to the 
mechanical system at all so that mounting is simplified. 
In fact, the polariser does not need to be mounted in 
physical proximity to the polarisation modifying layer 
and may indeed be provided in the form of glasses to 
be worn by an observer. 

According to a first aspect of the invention, there is 
provided a passive polarisation modulating optical ele- 
ment comprising a layer of biref ringent material having 
substantially fixed birefmgence and comprising at least 
one first retarder having an optic axis aligned in a first 



direction and at least one second retarder having an op- 
tic axis aligned in a second direction different from the 
first direction. 

The at least one first retarder may comprise a plu- 

s rality of first retarders, the at least one second retarder 
may comprise a plurality of second retarders, and the 
first and second retarders may be arranged as a regular 
array. The first and second retarders may comprise first 
and second strips which alternate with each other. The 

io first strips may have a first width and the second strips 
may have a second width less than the first width. 

The first and second retarders may have a re- 
tardance of (2m + 1 )X/2, where m is an integer and X is 
a wavelength of visible light. 

is The second direction may be at substantially 45° to 
the first direction. 

According to a second aspect of the invention, there 
is provided an optical device comprising an element ac- 
cording to the first aspect of the invention and a linear 

20 polariser for passing light polarised at a predetermined 
angle with respect to the first optic axis. 

The predetermined angle may be substantially 
equal to 0°. 

The polariser may comprise part of a further device. 

2S The further device may be a liquid crystal device. 

Such an optical element may be used, for instance, 
to provide a parallax barrier which may be used in an 
autostereoscopic display and whose parallax barrier op- 
eration may be disabled to permit such a display to be 

30 used in a two dimensional (2D) mode. A device of this 
type is disclosed in British patent application No: 
971 3985. 1 . When in the 2D mode, it is advantageous to 
avoid any difference in light absorption between the re- 
gions which act as the slits in the 3D mode and the re- 

3$ gions between the slits. Otherwise, in the 2D mode, vis- 
ible Moire patterning could be produced by beating of 
the variation in absorption with the pixel structure or the 
display. 

The optical element may be made using a single 
40 photolithographic mask step, thus reducing the com- 
plexity of manufacture and the cost of the element. The 
element may be bonded to another substrate so as to 
avoid damage to its surface without affecting the optical 
properties of the element The element may be formed 
45 on a glass substrate which allows the application of a 
low-cost anti-reflection layer on the opposite surface 
substrate prior to making the element. 

The optical element may be manufactured using ex- 
isting processes, such as spin coating and photolitho- 
50 graphic masking. Thus, optical elements of this type 
may be manufactured in high volume at low cost. The 
element is manufactured without the removal of retarder 
material and so can be more easily made without intro- 
ducing surface artefacts or damage and without requir- 
es ing subsequent planarisation. Bu using photolithograph- 
ic techniques, the retarder regions may be formed with 
high accuracy and resolution so that such an element is 
suitable for use in a viewpoint corrected parallax barrier. 
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Further, it is possible to provide an element having high 
levels of dimensional stability. 

The invention will be further described, by way of 
example, with reference to the accompanying drawings, 
in which: 

Figure 1 is a diagrammatic horizontal sectional view 
of a known type of autostereoscopic 3D display; 

Figure 2 is a plan view illustrating light cones pro- 
duced by a non-view point corrected display, 
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Figure 3 is a view similar to Figure 2 illustrating the 
creation of viewing regions in a view point corrected 
display; ?5 

Figure 4 is a diagrammatic horizontal sectional view 
of another known type of autostereoscopic 3D dis- 
play; 

20 

Figure 5 is a diagrammatic view of a parallax barrier 
constituting an embodiment of the invention; 

Figures 6a, 6b and 6c are a diagrammatic view il- 
lustrating an arrangement for switching between 2S 
modes of the barrier of Figure 5; 

Figure 7 is a diagrammatic plan view of an autoster- 
eoscopic 3D display constituting an embodiment of 
the invention; 30 

Figure 8 is a diagrammatic plan view of an autoster- 
eoscopic 3D display constituting another embodi- 
ment of the invention; 

35 

Figure 9 is a diagrammatic plan view of an autoster- 
eoscopic 3D display constituting another embodi- 
ment of the invention; 

Figure 10 is a diagrammatic plan view of an auto- 
stereoscopic 3D display constituting another em- 
bodiment of the invention; 

Figure 11a is a diagrammatic plan view of an auto- 
stereoscopic 3D display constituting another em- 
bodiment of the invention; 

Figure 11b is a diagrammatic plan view of an auto- 
stereoscopic 3D display constituting another em- 
bodiment of the invention; 50 

Figure 1 2 is a diagrammatic side view of an auto- 
stereoscopic display constituting another embodi- 
ment of the invention; 



40 



45 



55 



Figure 13 is a graph of fractional transmission 
against wavelength in nanometres illustrating trans- 
mission of unpolarised light through two polarisers 



with a half waveplate disposed therebetween; 

Figure 14 is a graph of transmission of light in per- 
cent against wavelength in nanometres illustrating 
transmission of light through crossed polarisers; 

Figure 15 comprising Figures 15(a) to 15(e) illus- 
trates a first method of making a polarisation mod- 
ifying layer, 

Figure 16 comprising Figures 16(a) to 16(d) illus- 
trates a second method of making a polarisation 
modifying layer; 

Figure 17 comprising Figures 17(a) to 17(d) illus- 
trates a third method of making a polarisation mod- 
ifying layer, 

Figure 18 comprising Figures 17(a) to 18Q) illus- 
trates a fourth method of making a polarisation 
modifying layer, 

Figure 1 9 is a diagrammatic plan view of an auto- 
stereoscopic 3D display constituting another em- 
bodiment of the invention; 

Figure 20 is a graph of fractional light transmission 
against wavelength in nanometres illustrating ex- 
tinction of light through a system comprising 
crossed polarisers with two quarter waveplates dis- 
posed therebetween; 

Figure 21 is a diagrammatic view of a parallax bar- 
rier constituting another embodiment of the inven- 
tion; 

Figure 22 is a diagrammatic view of a parallax bar- 
rier constituting another embodiment of the inven- 
tion; 

Figure 23 is a plan view of the parallax barrier of 
Figure 22; and 

Figure 24 is a diagrammatic view of an arrangement 
constituting another embodiment of the invention. 

Figure 25 illustrates an optical element and an op- 
tical device constituting embodiments of the 
present invention; 

Figure 26 is a plan view of the element and device 
of Figure 27; 

Figure 27 illustrates an optical element and an op- 
tical device constituting another embodiment of the 
invention; 

Figure 28 is a plan view of the element and device 
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ot Figure 29; 

Figure 29 illustrates an optical element and an op- 
tical device constituting a further embodiment of the 
invention; 

Figure 30 is a plan view of the element and device 
ot Figure 29 

Figure 31 illustrates graphs of transmission in arbi- 
trary units against wavelengths in nanometres for a 
half wave retarder disposed between crossed and 
parallel pola risers; 

Figure 32 is a graph of transmission in per cent 
against wavelength in nanometres of two crossed 
polarisers without any intermediate optical element; 
and 

Figure 33 illustrates alignment layer orientation and 
mask appearance for a parallax barrier constituting 
an embodiment of the invention and providing re- 
duced diffraction by spatial modulation of slit edges. 

Like reference numerals refer to like parts through- 
out the drawings. 

The parallax barrier shown in Figure 5 comprises a 
polarisation modifying layer 20 and a polariser in the 
form of a polarising sheet 21 . The polarisation modifying 
layer 20 comprises aperture regions 22 in the form of 
parallel elongate slit regions arranged to rotate linear 
polarisation 23 of incoming light through 90 degrees. 
The aperture regions 22 are separated by barrier re- 
gions such as 24 which are arranged not to affect the 
polarisation of the incoming light. The regions 22 may 
for instance comprise appropriately aligned half wave- 
plate polarisation retarders or 90 degree polarisation ro- 
tators. The aperture regions 22 are disposed at the de- 
sired pitch of the parallax barrier, incorporating any 
viewpoint correction as described hereinbefore, and are 
of the width required for the parallax barrier slits. Typical 
values for the pitch and width of such slits are 200 mi- 
crometres and 50 micrometres, respectively The aper- 
ture regions 22 have an optic axis aligned so as to rotate 
the input polarisation through 90 degrees. For instance, 
when the parallax barrier is disposed in front of a liquid 
crystal display (LCD) of the thin film transistor (TFT) 
type, light from the LCD is polarised at +45 degrees to 
a vertical axis ot the LCD with which the strip-shaped 
aperture regions 22 are parallel. The optic axis is there- 
fore arranged so that the polarisation of light 25 output 
from the slit regions is at -45 degrees with respect to the 
same vertical axis. The barrier regions 24 are transpar- 
ent regions with little or no effect on the transmitted light, 
which therefore remains polarised at +45 degrees. 

The polarising sheet 21 has a polarising direction 
indicated at 26 which is substantially orthogonal to the 
polarisation direction 23 of incoming light and hence of 



light passing through the regions 24. However, the po- 
larisation direction 26 is parallel to the polarisation di- 
rection of light passing through the slit regions 22 so that 
the parallax barrier operates in a barrier mode with in- 
s coming light being transmitted through the slit regions 
22 and being substantially blocked or extinguished 
through the parts of the barrier defined by the barrier 
regions 24. 

In order to operate the parallax barrier in a non-bar- 

io rier mode, the polarising sheet 21 is disabled, for in- 
stance by being removed. In this mode, the strip regions 
22 are substantially invisible because they are not ana- 
lysed by any polarising sheet. By arranging for the re- 
gions 22 and 24 to have substantially the same trans- 

15 miss'rvity, there should be no undesirable visual arte- 
facts, such as Moire beating with the pixel structure of 
an associated LCD. Although the slit regions 22 still ro- 
tate the polarisation direction of the incident light, this is 
not visible to the human eye when the polarising sheet 

20 21 has been removed. In this mode, the parallax barrier 
allows the full spatial resolution of the associated LCD 
to be available for 2D display with very little attenuation 
of lighL The parallax barrier of Figure 5 may be used to 
replace the front parallax barrier 4 shown in Figure 1 so 

2S as to provide an autostereoscopic 3D display constitut- 
ing an embodiment of the invention. 

A convenient way of arranging for the polariser 
sheet 21 to be removable is illustrated in Figure 6a. The 
polariser sheet 21 is attached to the remainder ol the 

30 autostereoscopic display by double hinges 30 and 31 . 

This allows the polariser sheet 21 to be swung over 
the front of the display with the polariser alignment con- 
trolled by the base line of the hinges and optionally fur- 
ther constrained by a location datum on the opposite 

35 edge of the polariser sheet from the hinges. In the 2D 
mode, the polariser is folded over the rear of the display 
unit and stored flush against the rear of the display unit. 

Another convenient way of arranging for the polar- 
iser sheet 21 to be removable is illustrated in Figure 6 

40 (b). The polarising sheet 21 is formed on a transparent 
film having a longitudinal region which is transparent 
and non-polarising. The film is wound on rollers 28 and 
29 disposed at either side of the LCD 1 and polarisation 
modifying layer 20. The rollers 28 and 29 are driven, for 

45 instance by an electric motor, so that the polarising re- 
gion 21 or the transparent non-polarising region of the 
film may be disposed in front of the LCD 1 and layer 20. 
Alternatively, the rollers 28 and 29 may be operated 
manually. When the polarising region 21 is in front of the 
so LCD 1 and layer 20, the display operates in the 3D mode 
whereas, when the transparent non-polarising region of 
the film is in front of the LCD 1 and layer 20, the display 
operates in the 2D mode. 

Figure 6(c) illustrates a further way of switching be- 
55 tween 3D and 2D modes of operation. In this case, the 
polarising sheet 21 is permanently disposed in front of 
the LCD 1 and the layer 20 but is rotatable about an axis 
perpendicular to the sheet 21 . When the rotary position 
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of the polarising sheet 21 is such that it transmits light 
from the slit regions 22 but extinguishes light from the 
barrier regions 24, the display operates in the 3D mode 
with a front parallax barrier as illustrated at A. Thus, a 
barrier is formed with narrow transmissive slits and wide 
opaque gaps. However, when the polarising sheet 21 is 
rotated through 90* it blocks or extinguishes light from 
the slit regions 22 but transmits light from the barrier re- 
gions 24. In this case, as illustrated at B, light is trans- 
mitted through wide "slits' whereas narrow opaque i 
■gaps" are formed. Although the arrangement illustrated 
at B may be thought of as continuing to act as a parallax 
barrier, the viewing regions are not as well-defined and 
a broad 2D region is produced. The residual opaque re- 
gions will reduce the brightness in the 2D mode com- 
pared with displays in which there are no opaque re- 
gions formed by the parallax barrier. This is a convenient 
technique but there may be some residual Moire effects 
in the 2D mode from black areas on the mask. 

If the parallax barrier 4 in the known types of display 
such as those shown in Figures 1 and 4 were made re- 
movable in order to provide a full resolution high bright- 
ness 2D mode of operation, it would have to be provided 
with mounts which defined the location in five degrees 
of freedom, namely two translation axes and three rota- 
tion axes, to positional tolerances of the order of 5 mi- 
crometres. It is also particularly difficult to maintain par- 
allelism between the parallax barrier 4 and the SLM 1 . 
Any bow in either element would cause deviations in the 
window generating Moire pattern. This results in re- 
duced viewing freedom and increased levels of cross 
talk of the display. A removable element would have to 
compensate for such bows and this is very difficult to 
achieved in a robust manner with low cost overheads 
while preserving ease of use and reasonable bulk in the 
removable element. 

The effective plane of the parallax barrier shown in 
Figure 5 is at the plane of the polarisation modifying lay- 
er 20. The alignment of this layer 20 with the associated 
LCD determines the optical alignment of the autostere- 
oscopic display. For the parallax barrier shown in Figure 
5, the layer 20 may be left permanently fixed to the as- 
sociated LCD and so can conform to any bows in the 
LCD, minimising the degradation to window quality. This 
ensures rigidity and allows for adhesives or other forms 
of permanent fixative to be employed, for instance dur- 
ing manufacture or as a subsequent fitment using pre- 
cision alignment tools which are available on LCD pro- 
duction lines. The removable polarising sheet 21 merely 
needs to be realigned in one rotational axis on replace- 
ment in front of the sheet 20. The tolerance on transla- 
tion^ position is merely that the whole of the display sur- 
face be covered by the polariser sheet 21 and rotations 
around axes in the plane of the display surface do not 
affect the polarisation absorption axis. Accordingly, the 
only requirement is for rotational alignment about an ax- 
is normal to the display surface to ensure good extinc- 
tion of light from the barrier regions 24. In order to reduce 



light leakage from the barrier regions 24 to below 1%, 
the alignment tolerance is of the order of plus or minus 
5 degrees and this is easy to satisfy. 

Figure 7 illustrates the use of the parallax barrier of 
; Figure 5 in a rear parallax barrier autostereoscopic dis- 
play. The polarisation modifying layer 20 is disposed ad- 
jacent the LCD 1 and the polariser sheet 21 acts as an 
input polariser and is disposed between the layer 20 and 
the backlight 3. The LCD 1 has an input polariser 32 
o whose polarisation direction is aligned so as to pass light 
from the strip regions 22 and to block light from the bar- 
rier regions 24. Thus, the polarisation directions of the 
input polariser sheet 21 and the LCD polariser 32 are 
orthogonal. In order to provide a full resolution high 
fs brightness 2D mode, the polariser sheet 21 is removed 
from the light path. 

The strip regions 22 are shown in the drawings as 
being fabricated on a substrate and, in particular, on the 
outer surface of the substrate, ie: the surface of the sub- 
io strata facing away from the LCD 1 . This is merely an 
example as the strip regions 22 may be fabricated on 
either surface of the substrate. II the strip regions are 
fabricated on the inner substrate surface, ie: that facing 
the LCD 1 , they may be in contact with the LCD 1 and 
25 will be protected from scratching and dirt by the sub- 
strate. Furthermore, the optimum viewing distance of 
the display in the 3D mode is set by the separation of 
the liquid crystal layer in the LCD 1 and the strip regions 
22. With the strip regions 22 on the inner surface of the 
30 substrate, the separation is reduced and hence the op- 
timum viewing distance is reduced. 

Figure 8 illustrates a rear parallax barrier display in 
which the removable polariser 21 forms part of the back- 
light. The backlight comprises a light source 33 and a 
35 reflector 34 which, in the 3D mode, direct light through 
the polariser sheet 21 into a light guide 35. The light 
guide 35 has on its output surface a patterned sheet 36 
for providing uniformity of illumination of the LCD 1 and 
a polarisation preserving diff user 37 to scatter the output 
40 light into a wider range of angles. Such diff users may be 
lenticular in nature. 

This arrangement allows the use of a relatively 
small polariser 21 at the input surface of the light guide 
35. The polariser 21 can be moved out of the light path 
45 by a relatively short movement in order to achieve the 
full resolution high brightness 2D mode of operation. 

Figure 9 illustrates an autostereoscopic display 
having a polarised light source of the type illustrated in 
Figure 8 but in which the polariser 21 is fixed at the input 
so of the light guide 35. The light source 33 is illuminated 
for 3D operation. 

The display comprises a further unpolarised back- 
light in the form of a light source 38, a reflector 39 and 
a light guide 40. The light guides 35 and 40 are disposed 
55 such that output light from the light guide 40 passes 
through the light guide 35. In the full resolution high 
brightness 2D mode, the light source 33 is extinguished 
and the light source 39 is illuminated so that unpolarised 
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light passes through the light guide 35 and illuminates 
the LCD 1 through the layer 20. 

Figure 10 shows an example of a front parallax bar- 
rier a ut ©stereoscopic display which is switchable be- 
tween 3D and 2D modes without requiring any mechan- 
ical movement The polarisation modifying layer 20 is 
disposed adjacent the output surface of the LCD 1 and 
the exit polariser sheet 21 is located at the output of the 
display. A switchable quarter wave rotator 41 is dis- 
posed between the sheet polariser 21 and the layer 20. 
The rotator 41 is switchable between a first state in 
which it does not affect the transmitted polarisation and 
a second state which causes the polarisation states to 
be equally transmitted through the sheet polariser 21 . 
in the second state, the rotator 41 acts as a quarter 
waveplate with the optic axis at 45 degrees to the polar- 
ising axis of the sheet polariser 21. Thus, the linear po- 
larisations from the regions 22 and 24 are both convert- 
ed to circular polarisations of opposite handedness of 
which 50% is transmitted by the sheet polariser 21. 

An advantage of this type of arrangement is that the 
control element 41 may be spatially controlled so that 
the two modes co-exist in different regions. This allows 
some parts of the display to operate in the 2D mode and 
other parts in the 3D mode. 

The display shown in Figure 11a differs from that 
shown in Figure 10 in that the switchable quarter wave 
rotator 41 is replaced by a switchable diff user 42. The 
diffuser 42 is switchable electronically between depolar- 
ising and non-depolarising states. Such a diffuser may 
be embodied as a polymer dispersed liquid crystal de- 
vice. 

In its low diffusing state, the switchable diffuser 42 
has substantially no effect on operation so that the dis- 
play operates in the autostereoscopic 3D mode. In the 
more highly diffusing state, the diffuser 42 has two ef- 
fects. Firstly, the diffuser destroys the polarisation of in- 
cident light so that light from the regions 22 and 24 are 
transmitted substantially equally through the exit polar- 
iser sheet 21 . Secondly, the diffuser destroys the direc- 
tionality of light through the system by scattering the 
transmitted light into random directions. However, the 
scattering effect of the diffuser 42 does not need to be 
strong because the loss of polarisation is sufficient to 
cause the display to operate in the 2D mode. The dif- 
fuser 42 is merely required to provide sufficient scatter- 
ing for an adequate angle of view of the display. Thus, 
the diffuser 42 is required to provide less dense scatter- 
ing o1 light than tor known types of system so that a 
brighter 2D mode may be achieved. 

The display shown in Figure 11b differs from that 
shown in Figure 11a in that the positions of the layer 20 
and the switchable diffuser 42 are interchanged. 

A switchable diffuser 42 may also be used in rear 
parallax barrier arrangements. The diffuser 42 may also 
be controllable so that different regions can be control- 
led to operate in different modes so as to provide a dis- 
play in which some regions operate in the 2D mode and 



others simultaneously operate in the 3D mode. This ar- 
rangement may be more appropriate because the dif- 
fuser will not substantially affect image visibility in the 
2D state. 

5 The parallax barriers disclosed herein may be used 
in the display disclosed in British Patent Application No 
9702259.4. This display is of the autostereoscopic type 
and includes an indicator visible to an observer so that 
the observer can position himself at the optimum view- 
to ing location. In some circumstances, it may be advan- 
tageous to be able to disable the visual position indica- 
tion and this may be achieved by disabling the part of 
the parallax barrier which provides the indication, for in- 
stance as described hereinbefore for mixed 3D and 2D 
is operation. 

Figure 12 illustrates a display of the rear parallax 
barrier type similar to that shown in Figure 7 but in which 
the polariser sheet 21 is replaced by a mask 43 and a 
parallax optic 44 which is illustrated as a lenticular 
20 screen but which may alternatively comprise a parallax 
barrier. The parallax optic 44 is optional because the 
parallax between the mask elements of the mask 43 and 
a pixel black mask within the LCD 1 serve to generate 
viewing zones 45 but with larger overlaps at the bound- 
25 aries between the zones. The mask 43 comprises hor- 
izontal strips arranged, for example, as groups of three 
strips with each group comprising a polarising strip, a 
clear strip and an opaque strip. Each group of strips is 
associated with a parallax element, in the form of a lent- 
30 icule, of the lenticular screen 44. 

The mask 43 is vertically movable with respect to 
the lenticular screen 44. In the position illustrated in Fig- 
ure 12, the polarising strips are aligned with the lenti- 
cules of the screen 44 so as to provide 3D operation 
35 with an observer located in a zone indicated at 45. An 
observer in the zone 45, which is the normal viewing 
zone of the display, can thus perceive a 3D image. 

When 2D operation is required, the mask 43 is 
moved relative to the screen 44 so that the clear strips 
40 are imaged into the zone 45. This allows the display to 
operate in the full resolution high brightness 2D mode. 
Switching between 3D and 2D modes -can therefore be 
achieved by a relatively small movement. The dark or 
opaque strips are used to avoid leakage of polarised 
45 light into the unpolarised viewing region and vice versa. 
The mask 43 may be made by any suitable method, 
such as that disclosed in JP 63-158525A. 

Although the optical functions of the regions 22 and 
24 of the parallax barrier could be reversed so that the 
50 barrier regions 24 rotate the polarisation and the strip 
regions 22 have substantially no effect on polarisation, 
the arrangement described hereinbefore with reference 
to Figure 5 is generally preferred. In particular, the dark 
level of the opaque regions formed by the barrier regions 
55 24 and the associated regions of the polariser sheet 21 
are effectively provided by two crossed pola risers with- 
out any intermediate (optically active) element. This pro- 
vides strong extinction of light over a broad range of 
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wavelengths and so minimises cross talk in the display. 

A possible alternative arrangement of the parallax 
barrier in the displays is tor the two polarisers to have 
parallel polarisation directions, the barrier regions 24 to 
be optically active in order to provide the polarisation 
rotation, and the slit regions 22 not to atf ect polarisation. 
As described hereinbefore, in such an arrangement, the 
critical opaque regions of the barrier rely on the perform- 
ance of the polarisation rotating material to achieve high 
extinction and light leakage of less than 1%. A possible 
means tor achieving this makes use of a polymerised 
layer of twisted nematic liquid crystal having a thickness 
which satisfies the first minimum criterion as the regions 
24. An advantage of such an arrangement is that the slit 
regions 22 are neutral and therefore have optimum 
chromatic performance to provide a 3D mode with re- 
duced colour imbalance. 

The polarisation rotation performed by the strip re- 
gions 22 does not generally work optimally over such a 
broad range of wavelengths. Thus, some parts of the 
visible spectrum are transmitted less than others. Figure 
1 3 illustrates the calculated transmission of unpolarised 
light through an output polariser of the LCD 1 , a wave- 
plate made of a uniaxial birefringent material and the 
polariser sheet 21. When the two polarisers have their 
polarising axes crossed, transmission is highest by de- 
sign at the centre of the visible spectrum but declines 
towards either end of the visible spectrum. If the centre 
wavelength is correctly chosen, the transmitted light 
maintains a good white colour balance. It may be nec- 
essary to adjust the balance between red, green and 
blue colour channels of the LCD 1 to ensure correct col- 
our display in the 3D mode. Such colour balance change 
may, for example, be precalib rated and set in drivers for 
the 3D image software or in the design of colour filters 
of the LCD to optimise between 2D and 3D colour spec- 
tra. 

The curve shown in Figure 1 3 for parallel polarisers 
is that which would have applied to the opaque barrier 
regions if the barrier regions 24 had rotated that polari- 
sation. The centre wavelength of the system provides 
good extinction of light. However, towards the edges of 
the spectrum, the transmission substantially increases. 
In order to ensure cross talk levels of not more than 1%, 
the barrier must provide a 100:1 contrast ratio across 
the visible spectrum. As indicated by Figure 13, this 
would not be achieved with parallel polarisers and po- 
larisation rotators as the barrier regions 24. 

Figure 14 illustrates the transmission performance 
through two crossed polarisers without any intermediate 
optical element. The extinction of light is substantially 
improved and the desired contrast ratio is achieved 
throughout the whole range of wavelengths from 450 to 
750 nanometres. This arrangement with, for instance, 
waveplates creating the slit apertures and crossed po- 
larisers defining the opaque regions of the barrier is 
therefore the optimum configuration for most applica- 
tions. 



Figure 15 illustrates a method of making the polar- 
isation modifying layer 20. In Figure 1 5(a). an alignment 
layer 60 is applied to a substrate 61 . The alignment layer 
60 may, for instance, comprise rubbed poryimide, potya- 
5 mide, or silicon oxide. Figure 1 5(b) shows the applica- 
tion of an optical retarder layer 62 whose alignment di- 
rection is determined by the alignment layer 60. The re- 
tarder layer 62 comprises any suitable birefringent ma- 
terial which may be aligned and subsequently fixed in a 
10 pre-determined direction. A suitable material comprises 
a liquid crystal polymer. As shown in Figure 1 5(c), re- 
gions 63 of the retarder layer 62 are exposed to ultravi- 
olet radiation through a mask 64 so as to be photopol- 
ymerised. As shown in Figure 1 5(d), the unpolymerised 
is regions are then removed, for instance by an etching 
process, to reveal the desired patterned optical retarder 
arrangement. 

The patterned retarder is then planarised by means 
of a planarisation layer 65. The layer 65 fills the gaps 
20 left by the removed unpolymerised retarder material as 
illustrated in Figure 15(e). The material of the planarisa- 
tion layer 65 is preferably isotropic, transparent and sub- 
stantially similar in thickness to the retarders 63. Suita- 
ble materials include acrylic and epoxy resins. 
2$ The method of making the polarisation modifying 
layer 20 illustrated in Figure 16 differs from that illustrat- 
ed in Figure 1 5 m that, after the selective polymerisation 
shown in Figure 16(c), the unpolymerised retarder ma- 
terial 62 is not removed. The layer is heated to a tem- 
30 perature above the isotropic transition point of the un- 
polymerised retarder material, which is cured in an iso- 
tropic state by exposure to long wavelength ultraviolet 
radiation. This results in a layer having regions of iso- 
tropic material 66 and birefringent material 63 as illus- 
3S mated in Figure 16(d). 

The method illustrated in Figure 17 differs from that 
illustrated in Figure 16 in that a chiral dopant is added 
to the mixture before application as the retarder layer 
67. The chiral dopant introduces a continuous rotation 
40 of the retarder direction on passing through the layer so 
as to provide a guiding twisted retarder. Selective po- 
lymerisation is performed as shown in Figure 17(c). 

Figure 18 illustrates a method of making a retarder 
array which differs from that illustrated in Figure 15 in 
*s that a further patterned retarder 72 is formed. After the 
planarisation layer 65 is applied as shown in Figure 18 
(e), another alignment layer 69, for instance of the same 
type as the alignment layer 60, is applied, for instance 
in the same way. The alignment layer 69 is applied with 
so an alignment direction different from that of the align- 
ment layer 60. A further retarder layer 70, for instance 
of the same type as the retarder layer 62, is formed, for 
instance in the same way. on the alignment layer 69. 
The layer 70 is selectively exposed to ultraviolet radia- 
55 tion through a mask 71 so that regions 72 forming the 
further patterned optical retarder are photopolymerised. 
The unpolymerised regions are then removed as illus- 
trated in Figure 1 8(i) and a further planarisation layer 73 
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is formed as illustrated in Figure 1 8(j). By using this tech- 
nique, it is possible to provide alternate areas of retard- 
ers aligned in different directions for use as described 
hereinafter. By repeating the process steps illustrated in 
Figures 18(b) to 18(e), multiple stacked layers of pat- 
terned retarders may be fabricated. 

The polarisation rotation may be achieved by 
means of at least two physical effects. According to the 
first, polarisation rotation is provided by an optical re- 
tarder which employs a birefringent material. Such a 
material is characterised in that the refractive index for 
light propagating in the material depends on the orien- 
tation of the polarisation with respect to the optic axis of 
the material. The optic axis is set by molecular or crys- 
talline structure of the material. In the case of a uniaxial 
birefringent material, there is one refractive index for 
light propagating with a plane of polarisation parallel to 
the optic axis and another refractive index for light prop- 
agating with a plane of polarisation perpendicular to the 
optic axis. Light with a plane of polarisation between 
these may be considered as a sum of these polarisa- 
tions without loss in generality. If the material is given a 
thickness t such that light of wavelength X suffers a 
phase delay of n between the fast and stow polarisa- 
tions, then the element is termed a "half waveplate" or 
"A/2 plate". The thickness is then given by: 

t=(2m + 1)X/(2An) 

where An is the difference between the two refractive 
indices and m is an integer. 

Plane polarised light incident on such an optical el- 
ement undergoes a rotation in the plane of polarisation 
of twice the angle between the incident plane of polari- 
sation and the optic axis of the material. Thus, if a half 
waveplate is oriented at 45 degrees to the incident plane 
of polarisation, the light exits the element with a 90 de- 
gree change in the plane of polarisation. 

A second physical effect is that produced by a po- 
larisation rotator. Such an element comprises a material 
which is birefringent in any one thin slice but in which 
the angle of the optic axis rotates in a defined manner 
between slices to describe a helix. Such an optical ele- 
ment causes polarisation rotation by guiding and can be 
made to rotate an incident plane of polarisation through 
90 degrees for a broad range of wavelengths. 

The rotation of the polarisation may further be pro- 
vided by a combination of these two effects, for instance 
in order to optimise device performance. 

The tolerance of the angular alignment of the poiar- 
iser sheet 21 with respect to the LCD 1 is determined 
by the level of light leakage which may be tolerated 
through the opaque regions of the parallax barrier. Such 
leakage must be very low and preferably less than 1 %. 
The extinction of light from two perfect crossed polaris- 
ers with an angle G between their axes is given by: 



1(9)= l(0)cos 2 (9) 

The rotational angles for 1 % of light leakage are giv- 
5 en by the solutions to the equation l(9)/l(0) = 0.01 and 
the angles are 6 = 84.3° , 95.7°. Thus, there is a toler- 
ance of approximately plus and minus 5 degrees about 
the ideal value of 90 degrees. Such an angular tolerance 
can easily be achieved by simple mechanics or align- 
10 ment by eye against a reference mark. 

Figure 19 illustrates a front parallax barrier type of 
display in which the parallax barrier is modified by the 
provision of a quarter waveplate 46 frxed to the layer 20 
with its fast axis vertical and a quarter waveplate 47 fixed 
is to the polariser sheet 21 with its fast axis horizontal. The 
polarising directions of the polariser sheet 21 and an 
output polariser 48 of the LCD 1 are at minus and plus 
45 degrees, respectively. 

The quarter waveplate 46 converts the linearly po- 
20 larised light from the layer 20 to circularly polarised light. 
Similarly, the quarter waveplate 47 converts the circu- 
larly polarised light back to linearly polarised light. With 
such an arrangement, the angular alignment tolerance 
can be substantially relaxed. In practice, quarter wave- 
rs plates are only "perfect" at their design wavelength. At 
other wavelengths, the retardance within the plate is not 
correct to generate perfect circular polarisation and an 
elliptical state results. However, if the two quarter wave- 
plates 46 and 47 are arranged such that their optical ax- 
30 es are mutually orthogonal, then the inaccuracy in re- 
tardance of one plate is substantially cancelled by the 
inaccuracy tn the other plate. 

As the polariser sheet 21 and the quarter waveplate 
47 are rotated about an axis substantially normal to the 
35 display surface, the cancellation of imperfection of the 
quarter waveplates 46 and 47 breaks down and the non- 
perfect nature of these plates becomes apparent. Figure 
20 illustrates the extinction of light through the barrier 
regions 24 using this arrangement and for relative an- 
40 gular rotations of 0, 5, 1 0 and 1 5 degrees. Transmission 
below 1 % for the majority of the visible spectrum can be 
achieved for angular displacements up to 10 degrees. 
Thus, an alignment tolerance of plus or minus 10 de- 
grees can be achieved and is twice that which is avail- 
45 able when the quarter waveplates 46 and 47 are omit- 
ted. 

Figure 21 illustrates another parallax barrier which 
differs from that shown in Figure 5 in that the polarisation 
modifying layer 20 comprises a patterned retarder. The 

so patterned retarder may be made, for instance, by the 
method illustrated in Figure 18 and described hereinbe- 
fore. The aperture regions 22 comprise X/2 plates 
whose optic axes are aligned at 45° to the polarisation 
direction of the light 23. The barrier regions 24 comprise 

55 A/2 plates whose optic axes are aligned at 0° to the po- 
larisation direction of the light 23. Thus, the polarisation 
of the light 23 passing through the barrier regions 24 is 
not affected and the light is extinguished by the polaris- 
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ing sheet 21. The polarisation of the light 23 passing 
through the aperture regions 22 is rotated by 90* and 
the light therefore passes through the polarising sheet 
21 . Thus, in the 3D mode, the device functions as a par- 
allax barrier as described hereinbefore. 

An advantage of the parallax barrier shown in Fig- 
ure 21 is that the patterned retarder forming the layer 
20 is planar so that there Is substantially no phase step 
for light passing through the regions 22 and 24 of the 
layer 20. Diffraction effects are therefore reduced so that 
there are substantially no variations in illumination uni- 
formity or flicker in the illumination as an observer 
moves with respect to the display. 

Diffraction effects may also be reduced by planari- 
sation of the layer, for instance as illustrated in Figures 
15 to 17. 

The parallax barrier shown in Figures 22 and 23 dif- 
fers from that shown in Figure 21 in that the polarisation 
vectors and the optic axes are rotated by 45°. An input 
polariser 21 \ which may comprise the output polariser 
of an associated LCD. has its polarisation axis oriented 
at 45°. This is typical of LCD output polarisers, for in- 
stance of the twisted nematic type. The optic axes of the 
aperture regions 22 are oriented at 90° whereas the op- 
tic axes of the barrier regions 24 are aligned at 45° so 
as to be parallel to the polarisation vector of light from 
the input polariser 21'. The polarising sheet 21 has its 
polarising axis oriented at -45° so as to be orthogonal 
to the polarising axis of the input polariser 21' (-45° is 
optically equivalent to +135° as indicated in Figure 23). 

Figure 24 illustrates an arrangement in which the 
polarising sheet 21 is omitted and the polarising function 
is provided by analysing glasses 21 * worn by an observ- 
er. The glasses 21" comprise polarising lenses with the 
polarising axes oriented at 90° so as to be orthogonal 
to the polarisation vector of the polarised light 23. How- 
ever, the polarising axes and the optic axes may be ro- 
tated to any desired angle provided the angular relation- 
ships are maintained. Such an arrangement allows the 
use of conventional polarising sunglasses, which may 
be removed to allow the display to be viewed in the 2D 
mode. 

Another important manufacturing issue is the 
matching of the viewing angle of the layer 20 and, when 
present, the plate 80 to the LCD 1. When viewed from 
off -axis positions, light reaching the eyes of the observer 
travels obliquely through the layer 20. Such oblique light 
rays experience slightly different polarisation conditions 
because of their different orientation within the birefrin- 
gent layers and the different layer thicknesses. Contrast 
and colour performances of LCDs degrade with increas- 
ing viewing angle. The aperture regions 24 of the barrier 
may also experience colour and transmission changes 
with off-axis viewing. It is therefore desirable for wave- 
plate layer thicknesses to be chosen so as to give un- 
coioured transmission for the widest range of angles. 

In order to improve the performance of the elements 
performing the rotation of polarisation when such ele- 



ments are embodied as biref ringent retarders, they may 
be fabricated as two or three layers of retarder of specific 
thicknesses and relative optic axis angles. Combina- 
tions of waveplates for broadband performance are dis- 
s closed for example in Proc. Ind. Acad. Sci, vol. 41. No. 
4, section A. pp. 130. S. Pancharatnam 'Achromatic 
Combinations of Biref ringent Plates', 1955. 

Figure 25 shows a passive polarisation modulating 
optical element 1 1 comprising a layer of biref ringent ma- 
1 o terial having substantially fixed birefringence. The thick- 
ness and birefringence of the layer are such that it acts 
as a half waveplate but with different regions acting as 
retarders with optic axes oriented in different directions. 
In particular, the element 11 has first retarders 12 and 
is second retarders 13. The retarders 12 and 13 and 13 
comprise parallel vertical strips formed within the layer 
and alternating with each other. The strips 1 2 are of the 
same width and have their optic axis aligned at 45° with 
respect to a reference direction. The strips 1 3 are of the 
20 same width and have their optic axes aligned at 90° to 
the reference direction. 

. The optical element 11 shown in Figure 25 co-op- 
erates with an input polariser 1 4 to form an optical de- 
vice. The input polariser 14 may, for example, comprise 
25 an output polariser of a liquid crystal device. The input 
polariser 14 supplies linearly polarised light whose po- 
larisation vector is at 45* to the reference direction. 

The polarisation vector of the light from the polariser 
14 is parallel to the optic axes of the retarders 1 2, which 
30 therefore have substantially no effect on the polarisation 
vector. Accordingly, light leaving the retarders 12 has its 
polarisation vector at 45° to the reference direction. The 
optic axes of the regions 13 are aligned at 45° to the 
polarisation vector of the input light. Accordingly, the re- 
3S tarders 1 3 behave as half waveplates and rotate the po- 
larisation vector of light through 90° so that the output 
light from the retarders 13 has its polarisation vector at 
135° to the reference direction. 

Figures 27 and 28 illustrate an arrangement which 
40 differs from that shown in Figures 25 and 26 in that the 
optic axes of the element 1 1 and the polarising direction 
of the polariser 14 are rotated through 45°. Thus, the 
polarisation vector of the light from the polariser 14 is at 
0°, as is the light leaving the retarders 12, whereas light 
45 leaving the retarders 1 3 has its polarisation vector rotat- 
ed to 90°. 

Figures 29 and 30 illustrate an optical device of the 
type shown in Figures 25 and 26 co-operating with an 
output polariser 1 5 to form a parallax barrier. The polar- 

50 jsing direction of the output polariser 1 5 is orthogonal to 
that of the input polarised 1 4. The polariser 1 5 therefore 
substantially extinguishes light passing through the re- 
tarders 12 but passes light leaving the retarders 1 3. 
The polarisation rotation performed by the retarders 

55 13 does not generally work optimally over the whole of 
the visible spectrum. Thus, some parts of the visible 
spectrum are transmitted less than others. Figure 31 il- 
lustrates the calculated transmission of unpolarised light 
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through the device shown in Figures 29 and 30 with the 
element 11 made off a uniaxilly birefringent material. 
With the polarising axes ol the pola risers 14 and 15 or- 
thogonal, transmission is highest by design at the centre 
ol the visible spectrum but declines towards either end 
of the visible spectrum. If the centre wavelength if cor- 
rectly chosen, the transmitted light maintains a good 
white colour balance. 

Figure 31 illustrates the performance for a device 
of the type shown in Figures 29 and 30 but with the po- 
larising axes of the polarisers 1 4 and 1 5 parallel to each 
other and the optic axes of the retarders 12 and 13 in- 
terchanged. In this case, extinction of light through the 
retarders 12 relies on broad band half waveplate per- 
formance. The centre wavelength provides good extinc- 
tion of light but the transmission substantially increases 
towards the edges of the spectrum. In order to ensure 
cross talk levels of not more than 1 %, the parallax barrier 
in an autostereoscopic display must provide a 100:1 
contrast ratio across the visible spectrum. As illustrated 
in Figure 31 , this would not be achieved with parallel 
polarisers and polarisation rotators acting as barrier re- 
gions between slit regions of the parallax barrier. 

Figure 32 illustrates the transmission performance 
through two cross polarisers without any intermediate 
optical element. The extinction of light is substantially 
improved and the desired contrast ratio is achieved 
throughout the whole range of wavelengths from 450 to 
750 nanometres. This corresponds to the arrangement 
illustrated in Figure 29 because the retarders 12 have 
their optic axes aligned with the polarisation vector of 
the input light and therefore have substantially no effect 
on the polarisation vector. In general, such an arrange- 
ment is preferable because it is capable of meeting the 
contrast ratio requirements of a parallax barrier. How- 
ever, in applications where achromaticity of the trans- 
mitted light is more important than contrast ratio and 
achromatic extinction of light, an. arrangement of the 
type shown in Figure 29 and 30 but with the output po- 
lariser axis rotated by 90* may be preferable. 

The element 11 may be bonded to the input polar- 
iser 14 so as to allow accurate tolerancing of relative 
tilts of the strip-shaped retarders 1 2 and 1 3 and the pixel 
structure of an LCD of which the polariser 1 4 is a part. 
This also allows index matching of the interface so as 
to reduce reflections within the device. Examples of suit- 
able materials which fulfil the requirements of the high 
transparency, achromaticity and thermal expansion 
similar to the polariser 14 and the element 11 include 
organic adhesives such as epoxy resins, acrylic poty- 
mers and those based on polyurethane adhesives. 

The device illustrated in Figures 29 and 30 may be 
used as the parallax barrier 4 of the autostereoscopic 
3D display shown in Figure 1 . The retarders 1 3 then act 
as slits of the parallax barrier whereas the retarders 12 
act as the opaque regions between the slits. 

When viewed from off-axes positions, light reaching 
the eye of an observer travels obliquely through the lay- 



er forming the element 11. Such oblique light rays ex- 
perience slightly different polarisation conditions be- 
cause of their different orientation within the birefringent 
layer and the longer propagation path through the layer. 
s Light through the barrier slits may therefore experience 
colour and transmission changes with off-axis viewing. 
However, the image contrast is substantially unaffected 
by viewing angle performance of the parallax barrier. For 
3D displays using LCDs as the SLM, the viewing angle 
10 performance may be configured to give minimum visi- 
bility of chromaticity of the white state. In some arrange- 
ments, it may be that the colouration variations tend to 
be worse in a direction parallet to the alignment direction 
of the barrier slits. Similarly, the LCD may have a viewing 
is angle performance which is configured so that the most 
limited viewing direction is generally in the vertical di- 
rection. For the LCD, off-axis viewing causes degrada- 
tion of contrast and colouration of the display. Thus, if 
the worst viewing angle of the retarder is aligned with 
20 the worst viewing angle of the SLM, the performance of 
the parallax barrier can be disguised by the worse image 
appearance of the SLM. 

The retarders 1 2 and 1 3 are formed in a single layer 
whose optical properties, apart from optic axes, are uni- 
25 form throughout the layer. Further, the layer may be of 
substantially constant thickness. Such an arrangement 
allows the layer 11 to be bonded to other layers without 
an air gap and without the need for planar isat ion. 

The viewing freedom of the 3D image is partly de- 
30 termined by the alignment of the barrier slits with the 
pixels of the LCD in the display shown in Figure 1 . Tilting 
of the barrier slits with respect to the LCD causes a 
fringe misalignment which results in loss of viewing free- 
dom and potentially areas of image cross talk on the dis- 
ss play. This causes increased visual stress for an observ- 
er and is thus undesirable. By forming the layer 11 in 
contact with the polariser 14, such tilts can be substan- 
tially avoided. In particular, techniques exist for provid- 
ing the desired alignment and, by forming the layer 11 
40 integrally with the associated LCD or other device, ac- 
curate alignment can be provided during manufacture 
and is not substantially affected by environmental con- 
ditions, such as mechanical shocks and changes in tem- 
perature. 

45 in order to operate a display of the type shown in 
Figure 1 in the 2D mode, the output polariser 1 5 may be 
removed or othenvise disabled. In this mode, it is desir- 
able for the patterned structure of the optic axes of the 
element 11 to be invisible, ^or instance, the retarders 

so 12 and 1 3 should have the same light absorption per- 
formance in order to avoid the visibility of Moire beating 
with the LCD structure. Another artefact which should 
be avoided is diffraction from the phase structure of the 
parallax barrier. Such diffraction may beat with the pixel 

ss structure of the LCD to give some tow contrast Moire 
interference effect. With the optical element 11, the dif- 
fraction efficiency of the phase structure is substantially 
reduced compared with known arrangements. "For in- 
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stance, the orthogonal linear polarisation states in the 
light from the retarders 12 and 13 do not substantially 
interfere with each other. The phase step between the 
retarders 1 2 and 1 3 is minimised because the retarders 
are formed in the same material with substantially the 
same refractive index. 

Figure 33 illustrates another technique for reducing 
the levels of diffraction. During manufacture of the opti- 
cal element 11 as described in more detail hereinafter, 
a mask having the appearance shown at 20 is used to 
define one of the alignment layer orientations shown at 
21 in order to form the element. The parallax barrier slits 
are therefore defined by non-straight boundaries. In- 
stead, the boundaries are of sine wave shape. This re- 
sults in a plurality of different diffraction structures be- 
cause of the different aspect ratios so that the diffraction 
effects are blurred. This structure also allows some ver- 
tical blurring of the diffraction structure. However, care 
should be taken to minimise beating of the diffraction 
structure vertically with the vertical pixel structure. 



Claims 

1. A parallax barrier characterised by comprising: a 
polarisation modifying layer (20) having aperture re- 
gions (22). for supplying light of a second polarisa- 
tion when receiving light of a first polarisation, sep- 
arated by barrier regions (24), for supplying light of 
a third polarisation different from the second polar- 
isation when receiving light of the first polarisation, 
at least one of the aperture regions (22) and the bar- 
rier regions (24) altering the polarisation of light 
passing therethrough; and a polariser (21) selec- 
tively operable in a first mode to pass light of the 
second polarisation and to block light of the third 
polarisation and in a second mode to pass light of 
the third polarisation. 

2. A barrier as claimed in Claim 1 , characterised in that 
the aperture regions (22) comprise parallel elon- 
gate slit regions. 

3. A barrier as claimed in Claim 1 or 2, characterised 
in that the polariser (21) is a uniform polariser. 

4. A barrier as claimed in any one of the preceding 
claims, characterised in that the third polarisation is 
orthogonal to the second polarisation. 

5. A barrier as claimed in any one of the preceding 
claims, characterised in that the first, second and 
third polarisations are linear polarisations. 

6. A barrier as claimed in Claim 5, in that the aperture 
regions (22) are arranged to rotate the polarisation 
of light and the barrier regions (24) are arranged not 
to rotate the polarisation of light so that the third po- 



larisation is the same as the first polarisation. 

7. A barrier as claimed in Claim 6, characterised in that 
the aperture regions (22) comprise retarders. 

8. A barrier as claimed in Claim 7, characterised in that 
the aperture regions (22) comprise half wave 
plates. 

9. A barrier as claimed in Claim 6, characterised in that 
the aperture regions (22) comprise polarisation ro- 
tation guides. 

1 0. A barrier as claimed in Claim 8, characterised in that 
the polarisation modifying layer (20) comprises a 
half waveplate, the aperture regions (22) have optic 
axes aligned at +45° or -45° to the first polarisation, 
and the barrier regions (24) have optic axes aligned 
substantially parallel to the first polarisation. 

11. A barrier as claimed in any one of the preceding 
claims, characterised in that the polariser (21 ) pass- 
es light of the second polarisation in the second 
mode. 

12. A barrier as claimed in any one of the preceding 
claims, characterised in that the polariser (21 ) is re- 
movable from a light path through the polarisation 
modifying layer (20) in the second mode. 

13. A barrier as claimed in Claim 10, characterised in 
that the polariser (21 ) comprises glasses to be worn 
by an observer in the first mode. 

14. A barrier as claimed in any one of Claims 1 to 9, 
characterised in that the polariser <21) is rotatable 
through substantially 90° about an axis substantial- 
ly perpendicular to the polarisation modifying layer 
20) between first and second positions for operation 
in the first and second modes, respectively. 

15. A barrier as claimed in any one of Claims 1 to 9, 
characterised in that the polariser (21 ) comprises a 
polarising layer <21 ) and a retarder layer (41 ) which 
is switchabie between a non-retarding mode and re- 
tarding mode providing a quarter wave of rotation. 

16. A barrier as claimed in any one of Claims 1 to 9, 
characterised in that the polariser <21 ) comprises a 
polarising layer (21) and a switchabie diffuser (42) 
having a diffusing depolarising mode and a non-dif- 
fusing non-depolarising mode. 

17. A barrier as claimed in Claim 16, characterised in 
that the diffuser is disposed between the polarising 
layer (21 ) and the polarisation modifying layer <20). 

18. A barrier as claimed in Claim 16, characterised in 
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that the polarisation modifying layer (20) is dis- 
posed between the polarising layer (21 ) and the drf- 
f user (42). 

19. A barrier as claimed in any one of the preceding 
claims, characterised by: a first quarter wave plate 
(46) disposed between the polarisation modifying 
layer (20) and the polariser (21 ) and attached to the 
polarisation modifying layer (20); and a second 
quarter wave plate (47) disposed between the first 
quarter wave plate (46) and the polariser (21) and 
attached to the polariser (21), the first and second 
quarter wave plates (46, 47) having substantially or- 
thogonal optic axes. 

20. A display characterised by comprising a barrier as 
claimed in any one of the preceding claims and a 
spatial light modulator (1) tor supplying light of the 
first polarisation to the polarisation modifying layer 
(20). 

21 . A display as claimed in Claim 20, characterised in 
that the spatial light modulator (1 ) is a light emissive 
device. 

22. A display as claimed in Claim 20, characterised in 
that the spatial light modulator (1) provides selec- 
tive attenuation of light and is associated with a light 
source (3). 

23. A display as claimed in Claim 22, characterised in 
that the spatial light modulator (1 ) comprises a liquid 
crystal device. 

24. A display characterised by comprising a barrier as 
claimed in any one of Claims 1 to 19, a light source 
(3) for supplying light to the polariser (21), and a 
spatial light modulator (1) having an input polariser 
(32) for passing light from the aperture regions (22). 

25. A display as claimed in Claim 24, characterised in 
that the spatial light modulator ( 1 ) comprises a liquid 
crystal device. 

26. A display characterised by comprising: a light 
source (21, 33-40) selectively operable in a first 
mode for supplying light of a first polarisation and a 
second mode for supplying unpolarised light; a po- 
larisation modifying layer (20) having aperture re- 
gions (22), for supplying light of a second polarisa- 
tion when receiving light of the first polarisation, 
separated by barrier regions (24), for supplying light 
of a third polarisation different from the second po- 
larisation when receiving light of the first polarisa- 
tion; and a spatial light modulator (1 ) having an input 
polariser (32) for passing light of the second polar- 
isation and for blocking light of the third polarisation. 
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27. A display as claimed in Claim 26, characterised in 
that the aperture regions (22) comprise parallel 
elongate slit regions. 

28. A display as claimed in Claim 26 or 27, character- 
ised in, that the light source (21, 33-40) comprises 
a polarised light source operable in the first mode 
and an unpolarised light source operable in the sec- 
ond mode. 

29. A display as claimed in Claim 28, characterised in 
that the polarised light source comprises at least 
one first light emitting device (33) arranged to sup- 
ply light through a polariser (21) to a first light guide 
(35). 



30. A display as claimed in Claim 29, characterised in 
that the unpolarised light source comprises at least 
one second light emitting device .(38) arranged to 
20 supply light to a second light guide (40) and one 
(40) of the first and second light guides is arranged 
to supply light through the other (35) of the first and 
second light guides. 

25 31. A display as claimed in Claim 26 or 27, character- 
ised in that the light source comprises at least one 
light emitting device (33), a light guide (35), and a 
polariser (21) disposed in an optical path between 
the or each light emitting device (33) and the light 

30 guide (35) in the first mode and outside the optical 
path in the second mode. 

32. A display characterised by comprising: a polarisa- 
tion modifying layer (20) having aperture regions 
35 (22), for supplying light of a second polarisation 
when receiving light of a first polarisation, separated 
by barrier regions (24). tor supplying light of a third 
polarisation different from the second polarisation 
when receiving light of the first polarisation; a spatial 
40 light modulator (1) having an input polariser for 
passing light of the second polarisation and for 
blocking light of the third polarisation; a light source 
(3); a mask (43) having polarising regions, for sup- 
plying light of the first polarisation from the light 

45 source (3). and non-polarising regions, for transmit- 
ting light from the light source <3); and a parallax 
optic (44) co-operating with the mask (43) to direct 
light from the polarising regions through the spatial 
light modulator (1 ) to a first viewing region (45) and 

so to direct light from the non-polarising regions 
through the spatial light modulator (1) to a second 
viewing region. 

33. A display as claimed in Claim 32, characterised in 
ss that the mask (43) is movable relative to the parallax 
optic (44) for moving the first and second viewing 
regions (45). 
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34. A display as claimed in Claim 32 or 33, character- 
ised in that the parallax optic (44) comprises an ar- 
ray of parallax generating elements. 

35. A display as claimed in any one of Claims 32 to 34, 
characterised in that the aperture regions (22) com- 
prise parallel elongate slit regions. 

36. A display as claimed in Claim 35 when dependent 
on Claim 34, characterised in that each of the par- 
allax generating elements is optically cylindrical 
with an axis substantially orthogonal to the slit re- 
gions (22). 

37. A display as claimed in Claim 34 or 36, character- 
ised in that the array comprises a lenticular screen 
(44). 

38. A display as claimed in any one of Claims 32 to 37, 
characterised in that the polarising and non-polar- 
ising regions comprise laterally extending strips. 

39. A display as claimed in any one of Claims 32 to 3B, 
characterised in that the mask (43) further compris- 
es opaque regions at least partially separating the 
polarising regions from the non-polarising regions. 

40. A display as claimed in any one of Claims 26 to 39, 
characterised in that the third polarisation is orthog- 
onal to the second polarisation. 
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having an optic axis aligned in a second direction 
different from the first direction. 

47. An element as claimed in claim 46, in which the at 
least one first retarder comprises a plurality of first 
retarders, the at least one second retarder compris- 
es a plurality of second retarders, and the first and 
second retarders are arranged as a regular array. 

48. An element as claimed in claim 47, m which the first 
and second retarders comprise first and second 
strips which alternate with each other. 

49. An element as claimed in claim 48, in which the first 
strips have a first width and the second strips have 
a second width less than the first width. 



41 . A display as claimed in any one of Claims 26 to 40, 
characterised in that the first, second and third po- 
larisations are linear polarisations. 

42. A display as claimed in Claim 41, characterised in 
that the aperture regions (22) are arranged to rotate 
the polarisation of light and the barrier regions (24) 
are arranged not to rotate the polarisation of light 
so that the third polarisation is the same as the first 
polarisation. 

43. A display as claimed in Claim 42, characterised in 
that the aperture regions (22) comprise retarders. 

44. A display as claimed in Claim 43, characterised in 
that the aperture regions (22) comprise half wave 
plates. 

45. A display as claimed in Claim 42, characterised in 
that the aperture regions (22) comprise polarisation 
rotation guides. 

46. A passive polarisation modulating optical element 
comprising a layer of birefringent material having 
substantially fixed birefringence and comprising at 
least one first retarder having an optic axis aligned 
in a first direction and at least one second retarder 



50. An element as claimed in any one of Claims 46 to 

49, in which the first and second retarders have a 
20 retardance of (2m+1 )X/2, where m is an integer and 

X is a wavelength of visible light. 

51. An element as claimed in any one of Claims 46 to 

50, in which the second direction is at substantially 
25 45° to the first direction. 

52. An optical device comprising an element as claimed 
in any one of Claims 46 to 54 and a linear polariser 
for passing light polarised at a predetermined angle 

30 with respect to the first optic axis. 

53. A device as claimed in claim 52, in which the pre- 
determined angle is substantially equal to zero. 



35 



40 



54. A device as claimed in claims 52 to53, in which the 
polariser comprises part of a further device. 

55. A device as claimed in claim 54, in which the further 
device is a liquid crystal device. 
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